Intention tremor, which accompanies lesions of the cerebellum and its connections, is known to give rise to neurological disability which may be severe and chronic and which poses an extremely difficult therapeutic problem. L-dopa, which has proved of such value in Parkinson's disease, has not been of similar help to patients with diseases of the cerebellum. Samra and his colleagues (1970) reported encouraging results of thalamic surgery for the relief of intention tremor but no report of similar successes from other centres has followed this publication. The possibility of using a simple mechanical damping device, such as weighting the limb, was initially investigated by Hewer et al. (1972) . Objective evaluation of any form of treatment for intention tremor is clearly of importance, particularly in view of the marked variability exhibited by patients. The present study reports the use of one method of measuring intention tremor, and its application to the problem of evaluating the effect of weights on the performance of a simple motor task.
METHOD
PATIENTS Thirty-one patients were assessed, of whom 16 were female and 15 male. Their ages (Accepted 16 September 1974.) 259 ranged from 8 to 69 years, with a mean of 42.1 years. Diagnoses were as follows: multiple sclerosis (nine patients), 'essential' tremor (five patients), cerebellar degeneration of unknown cause (four patients), Parkinson's disease (four patients), Friedreich's ataxia (three patients), trauma to the cerebellum and its connections (two patients), congenital lesions affecting the basal ganglia and cerebellar connections (two patients), cerebrovascular accident to the territory of the brain-stem (one patient), and cerebellar tumour (one patient).
The intention tremor was graded as very severe in two patients, severe in seven, moderately severe in 11, and mild in 11 patients. Seventeen patients had no other neurological disability in the arms apart from intention tremor. Six patients had some motor deficit, of whom six had weakness, this being mild in four and moderate in two; seven had increased reflexes and two had increased tone. Eight patients had some mild sensory disability affecting the hands.
EXPERIMENTAL PROCEDURES The method of measuring intention tremor has been described by Morgan et al. (1975) . Intention tremor was assessed both with and without weights. The weights were 60 g pieces of lead, measuring 8 cm x 2 cm, which fitted into calico wrist bands. These weights were placed round the wrists, over both the flexor and extensor surfaces. A series of 10 trials of movement toward a target button was recorded for each patient with and without 600 g of lead around the wrist. In some patients the measurements were made without weights before those with weights, and in some patients the reverse procedure was adopted. Patients were allocated randomly to these two groups. The purpose of this was to avoid any bias in the results which might have been due to a learning effect or to a fatigue effect in the latter trial.
Eight of the patients who exhibited intention tremor and no tremor of the outstretched arm were tested with a series of weights, 480 g, 600 g, 720 g, 840 g, and 960 g being tested. The order in which the weights were applied was again randomized. Ten trials with each of the weights were recorded, in addition to 10 trials without weights, both before and after these trials with weights. A two minute rest period was allowed between each sample run, and five minutes' practice before any recordings were sampled.
STATISTICAL PROCEDURES The results of the tremor measurements were normalized by taking square roots and were then subjected to an analysis of variance (Ferguson, 1966) . The data from the various test situations could be compared by an F test on within and between groups variance (Ferguson, 1966 Although it has been noted that the design of No apparent correlation between the pathological diagnosis and the effect of weights could be detected, but it was recognized that the numbers included in each of the diagnostic categories were small. Patients with a moderately severe or severe tremor were more likely to achieve benefit from the weights than those with either a mild or a very severe tremor. It was also noted that patients with a marked regular tremor which was noticeable when the arm was outstretched against gravity-for instance, in the patients with Parkinson's disease, and also in some of the patients with the familial essential tremors-tended to be less responsive than those with a pure intention tremor. None of the patients in this series had severe weakness, but it was noted that patients with moderate weakness, particularly of the proximal muscle groups, found it more tiring to wear the weights than those without such weakness.
DISCUSSION
The present study describes the application of an objective method of measuring tremor in a therapeutic trial which assessed the use of lead weights to reduce intention tremor. A clinical investigation into the possibility of using weights to diminish intention tremor has already been reported, with encouraging results (Hewer et al., 1972) . However, these authors commented that clinical assessments, while being rapidly and easily available, may be too crude when, for example, comparisons of differing amounts of lead are required. It has now been shown that objective evaluations can overcome this difficulty and provide a way of analysing results to allow for the problem of variability. Such data also enable more detailed assessments of other possibly significant factors, such as fatigue, which might affect these results. Confirmation of a significant reduction of intention tremor with weights was obtained in this study, and further investigations showed that the effect was maximal for an optimum amount of lead, so that any further increase in weights produced a diminishing effect.
Holmes (1939) suggested that the delay in initiating movements, and the decreased velocity and acceleration noticed in patients with cerebellar lesions, could be partially attributable to the lack of a grading action of hypotonic antagonistic muscle, but was also probably in part due to a defect in post-inhibitory rebound, which Sherrington had shown facilitated transition of one movement to another in the opposite direction. Holmes also noted that if these patients carried a heavy bar, alternating movements of pronation and supination were improved in rate, rhythm, and range. He suggested that the weight increased the momentum of the limb and thus also the tension on the antagonists. This might help to overcome the defect in post-inhibitory rebound by an earlier excitation of succeeding contractions of antagonistic muscles.
An interesting observation by Chase et al. (1965) complicates this simple explanation. These authors noted marked attenuation of tremor in the supported hand of patients with an intention tremor, when weights up to a maximum of 100 g were applied. Under the conditions of their experiments, which clearly differed from those of the present study, attenuation of tremor was seen with an applied upward directed force, but not with a downward directed force. It was postulated that a critical change in the ratio of extensor to flexor muscle activity might account for these findings. The present series of results does not provide data on weights applied differentially to flexor or extensor surfaces, but the finding of a diminishing effect beyond an optimum amount of lead suggests that this theory may be only a partial explanation.
It can be argued that weights might reduce tremor by increasing the inertia of the system. Brumlik and Yap (1970) noted that the amplitude of normal rest tremor is progressively damped with weights up to 500 g. However, once again the demonstration of an optimum amount of lead suggests that this explanation is also incomplete. In the present study weights did not attenuate the tremor exhibited by some patients with Parkinson's disease, nor some with an essential tremor, when these patients also had a marked rhythmic antigravity tremor. The experiments reported by Chase et al. (1965) also noted that patients with Parkinsonism were significantly less likely to show a reduction of tremor with applied force. These observations make it difficult to accept the theory that inertia is the only, or even the major factor, which explains the improved limb function. However, several differing mechanisms may be operative in a series of patients whose tremor arises from varying pathological lesions.
Experiments with normal subjects have shown that the addition of a large weight to the forearm impairs weight discrimination, and probably also therefore affects skilled tasks (Gregory and Ross, 1967) . A significant time lapse is required for adaptation of the normal limb before there is a return of the status quo. It might be expected from the data that an abnormally functioning limb would also be affected transiently in a similar adverse manner, and that a time lapse would be required before adaptation occurred and before any improvement was noted. In fact, tremor reduction due to weights was seen at once, and no significant delay was detected in this study. Holmes (1939) commented on the fact that any diversion of attention increased the irregularity of abnormal movements in a patientwith intention tremor. The presence of lead weights increases the patient's awareness of the disabled limb, and possibly increases his concentration with resultant improved performance. If the improvement were related in any major part to attention and awareness, one might either expect a good initial response to weights and a diminishing response with time, or, as in the weight discrimination experiments, a delay before any improvement. In the short-term experiments reported here no such effects could be demonstrated.
It is likely that improved functional capacity achieved by the use of weights in patients with intention tremor is due to a variety of factors, which probably vary with the cause and hence the neurological lesion giving rise to the tremor. Investigations into the effect of agents which modify tremor may provide a better understanding of the impaired function, and this possibility is enhanced when objective and quantifiable methods of study are employed.
